ABSTRACT
The diphenyl-ether herbicide acifluorfen requires light for phytotoxicity. The photoacceptor system(s) providing the energy has not been clearly elucidated. Carotenoids (3, 4, 6, 20) , Chl (5) , and Cytf( 1) have been suggested as photoreceptors. Acifluorfen applied to dark-grown oats (Avena sativa) enhanced the magnitude of the phototropic response of the coleoptiles (17) . Acifluorfen also enhanced the LIAC3 of a blue-light-sensitive flavin-Cyt complex associated with the plasmalemma of oats (17) . This blue LIAC has been suggested to be related to the phototropic response in oats (17) . These results led the authors to suggest that acifluorfen acts close to, or at, the cryptochrome photoreceptor site, somehow interacting with it.
Here we report a further examination of the effect of acifluorfen on a cryptochrome-modulated response. We examined bluelight-induced conidiation of Trichoderma for several reasons. This response has been well characterized, and requires only a single inductive light pulse as short as 25 ,s (12) . The action spectrum for the Trichoderma response is known to be of the cryptochrome type (9, 14) and is similar to that for oat coleoptile phototropism (2 Dark manipulations were performed under a weak red (>600 nm) safelight. Transferring colonies to and from the media occasionally induced a low background level ofdark conidiation, which was subtracted from the experimental measurements. Colonies were fixed in 80% methanol at the termination of the experiment, and the number of conidia determined as previously described (1 1). There were three to six replicates per treatment, and all experiments were repeated two or three times. There was some variation in the colony diameter at the time of photoinduction. Conidiation data were therefore normalized to the value of a standard 40 mm ring.
A cool-white fluorescent tube (Thorn, Ltd.) with a blue acrylic filter transmitting maximally at 455 nm (12) was used as a bluelight source. The incident photon fluence rate was measured using a Li-Cor LI-1 88B radiometer with a quantum sensor. All fluence rate values quoted here are photon exposures. Light doses were manipulated by altering the duration of irradiation using a fixed fluence rate of 1 '4mol m2. s-.
RESULTS
We initially attempted to assess the effect of acifluorfen on photoinduced conidiation by growing the colonies continuously on medium containing acifluorfen. This procedure led to a decrease in growth rate (Fig. 1) . The reduction in radial growth could complicate any interaction of acifluorfen with light on photoinduced conidiation. We therefore pretreated colonies with acifluorfen for a limited duration (5 h) which produced no detectable effect on growth or development. The acifluorfen was rinsed out within 30 min of the light pulse. Acifluorfen clearly stimulated conidiation at light doses of 10 and 30 gmol-m2, but had no significant effect at saturating light exposures (Fig.  2) . This 'dip and rinse' procedure was then exploited to determine when the acifluorfen had to be present to augment the photoinduced conidiation (Fig. 3) . All colonies were treated with acifluorfen within 3 min of the blue light irradiation (Fig. 3) . The herbicide did not have to be present during photoinduction.
Acifluorfen was effective at 10 and 30 umol m-2 but did not consistently have an effect at saturating light doses (Fig. 3) . A similar augmentation ofcryptochromal action by acifluorfen was also evident when a dark interval of 30 min was inserted between the inductive blue light pulse and the acifluorfen treatment (Fig.  3) (1, 3, 7, 20) , although an interaction with cryptochrome has also been suggested ( 17) . We have demonstrated for the first time a putative interaction between acifluorfen and a cryptochrome phenomenon in a system lacking all bulk pigments (Fig.  2) . Additionally, we have found that etiolated, carotenoid-free (norflurazon treated) plant cell cultures are photoinhibited by the same range of acifluorfen concentrations that inhibit green cells (V Gaba, N Cohen, J Gressel, in preparation). These observations further indicate that acifluorfen need not act via photosynthetic pigments. Repeated attempts to find even traces of carotenoids in extracts from Trichoderma have failed (15; C Pallfrey, J Gressel, unpublished data). The action spectrum for the conidiation response is characteristic of cryptochrome (9, 14) , often thought to be a flavin-Cyt complex (see Ref. 17) . The same action spectrum is also shared by phototropism in oats (2) and the blue LIAC found in an oat membrane preparation (20) . Both of these blue light responses are also stimulated by acifluorfen (17) . The blue light induction of anthocyanin synthesis in etiolated tomato seedlings was also enhanced by acifluorfen treatment (19) . This enhancement was lost when the plants were bleached by difunon (19) , an antimetabolite blocking carotenoid synthesis (16) . The action spectrum for blue-light induced anthocyanin accumulation in tomato has not been reported. The loss of the blue-light response in bleached tomato may be due to either a difference in the response between species, or because the photoreceptor is not of the cryptochrome type.
The treatment with acifluorfen and its removal after the blue light pulse is only useful with 'slow' responses, such as conidiation in Trichoderma, which requires 3 h before there is a measurable response (10, 12) . Such a short-term treatment would not be possible with a rapid blue light response (7, 8) (Fig. 3) .
Acifluorfen stimulated the blue LIAC in oats and reduced the rate of the subsequent dark reoxidation of the LIAC ( 17). As we find here that a 0.5 h dark interval still permits the enhancement by acifluorfen (Fig. 3) , it would seem unlikely that the herbicide could affect a LIAC related to the photoresponse in Trichoderma. It is possible that the blue LIAC in oats stimulated by acifluorfen is not connected to the enhancement ofthe phototropic response, as questions have been raised about the photophysiological significance of LIACs (18) . Dark conidiation in Trichoderma can also be induced by a brief transfer of fungal colonies to water, even in some mutants not responding to light (13) . We were unable to increase the level of this stress response by treatment with acifluorfen. It must therefore be concluded that acifluorfen acts in Trichoderma somewhere between the initial photoreceptor and the point where the photoinduction and stress pathways meet. The action of the acifluorfen may still be with a flavincytochrome complex in the dark part of the transduction chain. For example, some diphenyl-ether herbicides have been shown to interact with the photosynthetic Cyt blf complex (1) . Such a reaction would require that the pigment system be chemically activated instead of photoactivated.
